Background/Aims: Limited evidence exists on the choice of angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) in diabetic patients with nephropathy. We aim to assess the renal effectiveness and safety of these drugs among diabetic nephropathy patients. Methods: This retrospective cohort study was conducted with diabetic nephropathy patients who initiated ACEI or ARB monotherapy. The primary outcome was a composite of end stage of renal disease and renal transplantation, and the secondary outcome was all-cause mortality. The safety endpoint was hyperkalemia. Results: Three thousand seven hundred and thirty-nine ACEI users and 3,316 ARB users were identified. ARBs seemed to be inferior to ACEIs given their poorer renal outcome (HR 1.31; 95% CI, 1.15-1.50) and higher risk of hyperkalemia (HR 1.17; 95% CI, 1.04-1.32). Among the four ACEIs compared, captopril was an inferior treatment choice given its poorer renal outcomes (HR 1.42; 95% CI, 1.05-1.93) and higher mortality rate (HR 1.25; 95% CI, 1.01-1.55). Irbesartan appeared to be a poorer treatment choice among the three ARBs compared, given its inferior renal protective effect (HR 1.35; 95% CI, 1.03-1.78). Conclusions: Our findings suggest ACEIs as a relatively more renoprotective and safer treatment as compared to ARBs. Captopril and irbesartan may be inferior to the other ACEIs and ARBs respectively.
Introduction
Diabetic nephropathy is a common complication among patients with diabetes mellitus (DM) and the leading cause of chronic kidney disease (CKD) in developed countries [1] . It involves an increase in proteinuria and decrease in glomerular filtration rate. The continuous kidney damage can lead to irreversible renal failure (i.e., end-stage renal disease; ESRD), which may eventually require dialysis or a kidney transplant.
Blood pressure control is essential to avoid the progression from uncomplicated diabetes to diabetic nephropathy [2] , and angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) are two classes of agents that could effectively reduce the incidence of end-stage kidney disease [3, 4] . The current treatment guidelines recommend ACEI or ARB monotherapy for blood pressure control among non-pregnant diabetic patients with kidney disease [5] . The combination therapy of ACEIs and ARBs, however, is not recommended since it does not provide any additional clinical benefits and may increase the risk of hyperkalemia [6, 7] .
While current guidelines suggest ACEIs or ARBs for diabetic patients with modestly elevated urinary albumin excretion (30 -299 mg/day) and those with severe urinary albumin excretion (>300 mg/day), it does not provide much detail in the choice of these drugs given the limited evidence [5] . Given that there are many ACEIs and ARBs available on the market, the clinical treatment of diabetic nephropathy becomes widely diverse and complex. As ACEI and ARB medications have different pharmacokinetic and pharmacodynamic profiles, it is important to differentiate and prioritize the use of various ACEIs and ARBs. Although recent research has studied the renoprotective effect of ACEI and ARB monotherapy in hypertensive patients with CKD or with DM, the renoprotective effects and safety of these therapies regarding thee diabetic nephropathy population remains undetermined [8, 9] . Therefore, further investigation is necessary to examine the renal effectiveness and safety of ACEIs and ARBs in diabetic patients complicated with proteinuria.
The aims of this study were as follows: 1) compare the effectiveness and safety between ACEIs and ARBs, which are the first-line medication therapies for diabetic patients with proteinuria, 2) assess the effectiveness and safety of the most commonly used ACEIs and ARBs drugs, with individual drug comparisons within each class, and 3) evaluate the effectiveness and safety of ACEIs and ARBs among patients aged 65 or older since the elderly generally have a different pattern of disease and response to medications [10] [11] [12] [13] .
Material and Methods

Data Source
Data of the present study were obtained from the National Health Insurance Research Database (NHIRD), which contains data taken from the National Health Insurance (NHI) program that covers over 99% of the entire 23 million residents in Taiwan since 1995 [14] . The NHIRD consists of information on beneficiaries' health care utilization, prescription drug use, and enrollment status. The present study used the Longitudinal Health Insurance Database (LHID), a sub-dataset of NHIRD, containing healthcare claims for a cohort of 1 million random samples from the beneficiaries enrolled in the NHI in 2000, 2005 and 2010 respectively. Therefore, the original database contains approximately 3 million people for analysis. 1. At least one inpatient diagnosis of diabetes (ICD-9-CM: 250) 2. Two or more outpatient diagnoses of diabetes 3. One outpatient diagnosis of diabetes and at least one outpatient prescription of antidiabetic medication at the same visit
Study Design and Sample
We then identified patients who had not received a prescription of ACEIs or ARBs for at least 180 days before the first observed prescription during July 1, 2002 to December 31, 2013 (i.e., patients who had experienced a washout period), in order to select the new users of these drugs. To identify stable users, patients were required to have a second prescription of the same ACEI or ARB medication within 100 days following the first observed ACEI or ARB prescription. The second prescription date of the ACEI or ARB then served as the index date.
We excluded patients younger than 20 years old at the first prescription date, those who had more than 12 dialysis treatments within 180 days before the first prescription date, or who had received a catastrophic illness certificate for CKD with long-term dialysis before the first prescription date [16, 17] . We also excluded the renal transplant recipients (ICD-9-CM: 55.6, V42.0; procedure code: 76020B) at any time before the first prescription date. The study was reviewed and approved through an ethical review by the Research Ethics Committee of the National Taiwan University Hospital (NTUH-REC No. 201601003W).
Treatment exposure
Two exposure groups were included in this study: ACEI and ARB users. For the comparisons of individual ACEIs and ARBs, enalapril and valsartan were set as the reference agents since they are the most commonly used ACEI and ARB, respectively, from 2004 to 2014 [18] . Medications were identified according to the Anatomic Therapeutic Chemical (ATC) code, which is an internationally accepted classification system for drugs coordinated by the World Health Organization Collaborating Center for Drug Statistics Methodology [19] .
Both intention-to-treat (ITT) and as-treated (AT) analyses were performed. In the ITT analysis, we analyzed all the patients based on their initial ACEI or ARB exposure, disregarding any subsequent change or discontinuance of these two types of treatments. On the other hand, the AT analysis took into consideration the subsequent changes in the exposure status and only evaluates the effectiveness and safety of the index ACEI or ARB medication during the time when patients consistently were exposed to them. Patients were censored if they switched or added a second blood pressure-lowering agent or discontinued their index exposure (defined with a 90-day gap).
Dependent Variable
Two effectiveness outcomes were assessed: 1) a composite outcome of ESRD and renal transplantation and 2) death. ESRD was confirmed based on the catastrophic illness certificate. All-cause mortality was considered as a secondary outcome defined as follows [20] :
1. withdrawal from the NHI program within 30 days after discharge from the hospital 2. having a death record in the catastrophic illness certificate file 3. having "death" as the transaction code in the inpatient file of NHI The safety outcome, hyperkalemia, was defined by a diagnosis code of hyperkalemia (ICD-9-CM: 276.7) or the use of sodium or calcium polystyrene sulfonate (ATC code: V03AE01) during the follow-up period. Only patients who had received a sodium or calcium polystyrene sulfonate prescription once within a 3-month period were considered as having undergone a defined hyperkalemia event, in order to exclude the prophylactic treatment of hyperkalemia. Additionally, we performed a sensitivity analysis, which used "having a diagnosis code of hyperkalemia or receiving sodium or calcium polystyrene sulfonate at least once" as the definition of hyperkalemia. All patients were followed from the index date to the first event date, or to the end of this study, December 31, 2013, whichever came first.
Covariates
Covariates included in this study were: age at the first prescription date, sex, geographic location, comorbidities, and other medications used. Comorbidities and prior medication use were measured during the 180 days before the first prescription date. Comorbidities and medications used included hypertension (ICD-9-CM: 401-405), hyperlipidemia (ICD-9-CM: 272), kidney disease (ICD-9-CM: 016.0, 042, 095. 4 [8] , stroke (ICD-9-CM: 434.91), coronary heart disease (ICD-9-CM: 410-414), neoplasms (ICD-9-CM: 140-239), drugs associated with nephrotoxicity [21, 22] , antidiabetic medications, and other blood pressure-lowering agents [23] .
Statistical Analysis
Propensity score weighting (standardized mortality/ morbidity ratio [SMR] weighting) was used to balance the baseline covariates. The balance of demographic and clinical characteristics between new ACEI and ARB users were examined based on the absolute standardized mean difference. A value of absolute standardized mean difference less than 0.1 indicated a negligible difference in potential confounders between the two study groups [24, 25] .
Poisson regression model was used to calculate the incidence rate (per 100 patient-years) and the corresponding 95% confidence intervals (CI). The adjusted results were expressed as hazard ratios (HRs) with 95% CI derived from Cox proportional hazards models. All p-values were 2-sided, and the significance level was set at 0.05 a priori. All analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
There were 509,277 patients who had received ACEI or ARB without combination therapy from July 01, 2012 to December 31, 2013 in the three LHID cohorts. After applying the inclusion and exclusion criteria, we combined the identified subjects from the three LHID cohorts, and ruled out 268 duplicate patients. After this, 7,055 patients remained for the present study, including 3,739 ACEI users and 3,316 ARB users. Given that some of the ACEIs or ARBs were less frequently prescribed and thus had a limited number of users, we only selected four commonly used ACEIs: captopril, enalapril, fosinopril and perindopril, and three common ARBs: irbesartan, losartan and valsartan, for the subgroup analyses.
Before propensity score weighting, the ARB users had larger proportion of hypertension, kidney disease and higher medication use rate, such as insulin, calcium channel blockers and thiazides, than ACEI users (Table 1) . After propensity score weighting, all covariates between ACEI and ARB users were balanced (all absolute standardized mean differences were less than 0.1).
When comparing ACEIs and ARBs in the ITT analysis, our study indicated that ARB users had a higher risk of the primary composite renal outcome (HR: 1.31, 95% CI: 1.15-1.50), and a greater rate of progress toward ESRD (HR: 1.30, 95% CI: 1.13-1.49) as compared with ACEI users (Table 2) . Additionally, although the results were not significant in the AT analysis, the same trend for higher rate of primary composite renal outcome in ARB users was still found. All-cause mortality was not significantly different between ACEI and ARB users in both ITT and AT analysis. Regarding the safety outcome, ARB users had a higher risk of hyperkalemia in the ITT analysis (HR: 1.17, 95% CI: 1.04-1.32).
In the head-to-head comparisons of individual ACEIs, captopril users had a greater rate of primary composite renal outcome (HR: 1.42, 95% CI: 1.05-1.93), a higher risk of progression toward ESRD (HR: 1.39, 95% CI: 1.03-1.89), and a greater mortality rate in the ITT analysis (HR: 1.25, 95% CI: 1.01-1.55). No significant differences were found in the comparisons of fosinopril and perindopril versus enalapril. As for hyperkalemia, there were no significant difference between enalapril and any of the selected ACEI drugs (Table 3) .
When comparing irbesartan and losartan to valsartan, we found that irbesartan was associated with a greater rate of primary composite renal outcome (HR: 1.35, 95% CI: 1.03-1.78), and a higher risk of ESRD (HR: 1.34, 95% CI: 1.01-1.77). No significant differences were observed in death and hyperkalemia between valsartan and all the selected ARBs (Table 4) .
Lastly, we conducted a pre-specified subgroup analysis in targeted patients aged 65 years or older. Similar to the aforementioned findings for all adults, as compared to ACEI users, ARB users had a greater rate of primary composite renal outcome (HR: 1.84, 95% Table 4 . Incidence Rates and Hazard Ratios for Effectiveness and Safety Outcomes among V a l s a r t a n and Selected ARB Users outcome (HR: 1.77, 95% CI: 1.01-3.10) in the ITT analysis (data not shown). No significant results were found in the analysis for ARBs (data not shown).
Discussion
The present study utilized a real-world cohort to assess the renal outcomes, mortality, and safety of ACEIs and ARBs among diabetic patients with proteinuria. To the best of our knowledge, this is the first study assessing the renoprotective effects of individual ACEIs and ARBs in diabetic patients with proteinuria. The findings of this study suggest that ACEI users have a lower risk of ESRD compared to ARB users, which is consistent with a prior study conducted in Taiwan [9] . Although not statistically significant, ACEIs were systematically shown to be superior to ARBs regarding the dialysis and mortality outcomes in patients with diabetes in a systematic review [26] . Conversely, another systematic review demonstrated no significant differences between ACEIs and ARBs with respect to kidney protection in patients with albuminuria and other cardiovascular risk factors, such as diabetes, hypertension and hyperlipidemia [27] . However, the proportion of diabetic patients in that systematic review was low. Finally, a recent network meta-analysis comparing the effects of antihypertensive agents in diabetic patients with kidney disease showed that the ACEI-CCB combination therapy of fosinopril and amlodipine appeared to be the most efficacious in reducing proteinuria [28] . While the ACEI-ARB combination was not recommended due to safety concerns [6, 7] , based on the results of the network meta-analysis, a combination of ACEIs or ARBs with other antihypertensive agents may deserve further investigation.
Regarding the safety profile, our study revealed that ACEI users have a lower risk of hyperkalemia compared to ARB users, and the result was different from a previous clinical trial which reported that ARB therapy was less likely to increase serum potassium levels compared to ACEI therapy among people with renal failure [29] . There are some potential explanations for such different findings between studies. First, the number of participants in Table 5 . Incidence Rates and Hazard Ratios for Effectiveness and Safety Outcomes among ACEI and ARB Users Aged 65 Years or Older the clinical trial was relatively small (n=35) [29] , which may not be generalizable to a diverse population. Second, the clinical trial only compared lisinopril and valsartan, and these two drugs may not completely represent the medication categories they belong to.
In order to explain why ACEIs have more renal benefit and safety than ARBs, the mechanisms of action should be taken into consideration. First, angiotensin II is believed to cause renal injury initially via its ability to cause ischemia and local inflammation [30, 31] . However, subsequent studies have found that angiotensin II may be renal protective and beneficial by potentiating the myogenic responses to pressure changes [32, 33] . Although ACEIs block the enzyme that converts angiotensin I to angiotensin II systemically, angiotensin II can still be generated in the periphery, such as the brain and kidneys [34, 35] . In addition to angiotensin-converting enzyme (ACE), there are some alternative enzymes that could be responsible for generating the angiotensin II, such as chymase serine proteases [36] . Therefore, angiotensin II can still be generated and maintained at a normal level when ACEIs are administrated.
In addition, the blockage of the angiotensin II type 1 (AT1) receptor by ARBs may stimulate the angiotensin II type 2 (AT2) receptor. The activation of the AT2 receptor causes vasodilation, which improves blood pressure control. Nonetheless, the activated AT2 receptor also mediates programmed cell death, namely apoptosis [37, 38] . In other word, whether the excessive activation of the AT2 receptor in the human body is good or bad remains controversial [37] [38] [39] [40] [41] . Unlike ARBs, ACEIs act as a blocker upstream to the renin-angiotensin system (RAS), and have no direct effect on AT2 receptors. Lastly, ACEIs attenuated renal fibrosis, possibly by suppressing the mast cell degranulation, in rats with unilateral ureteral obstruction [42, 43] . Given that currently there are no clear mechanisms that may explain the superior protective effect of ACEIs compared to ARBs, further experimental and human studies are warranted.
In the analyses of individual ACEIs, captopril had a higher risk of ESRD and mortality compared to enalapril. Given that the captopril is a short-acting ACEI, it is possible that physicians may have different prescribing patterns or considerations when using captopril versus other ACEIs. Patients treated with captopril have been reported to be the most underdosed among all ACEI users, and therefore might not be able to achieve full treatment benefits [44] . In addition, captopril could be prescribed to control acute or chronic hypertension, but it is not possible to differentiate these two types of use or adjust for patients' actual blood pressure control in a claim-based study. The weaker effect of captopril on the long-term outcomes associated with ESRD and death observed in the present study could be due to the shorter duration of action, more frequent underdosage, or insufficient control of unobserved confounders for the different prescribing patterns and patient populations. In the analyses of individual ARBs, irbesartan was associated with a higher risk of ESRD compared to valsartan, but the exact mechanisms that caused the poorer outcomes were unclear. As expected, we did not find any differences in the risk of hyperkalemia among individual ACEI and ARB medications, since both ACEIs and ARBs can inhibit the reninangiotensin system and raise the serum potassium level in patients with renal insufficiency or diabetes [45] . However, it is worth noting that the small sample size of the selected ACEI and ARB medications could have reduced our power to detect the differences.
In the pre-specified subgroup analysis of diabetic patients who were 65 years of age or older, the ARB users had higher rates of ESRD and hyperkalemia than the ACEI users, and such an effect was more profound than in the overall adult patient population. Consistent with the findings in the adult sample, when comparing individual ACEIs, we found that the elderly patients with captopril had an increased risk of the composite adverse renal outcome of ESRD and renal transplantation compared to those on enalapril. No significant results were found in the analyses comparing individual ARBs. Elderly patients with kidney diseases are particularly sensitive to the risk of adverse events, but, on the whole, the incidence of hyperkalemia events was not significantly different among individual ACEI and ARB medications in the present study. Furthermore, our study did not demonstrate any significant differences in the mortality among individual ACEIs and ARBs.
The present study was notable for its representativeness of having a nationwide cohort, but it was still subject to several limitations. First, some health-related information is not available in the claims database, such as lab data (e.g., the amount of proteinuria, creatinine level) and health-related behaviors. Therefore, we were unable to stratify our analysis by the severity of proteinuria. Second, given that we did not compare individual ACEIs with individual ARBs, we cannot draw a conclusion that all ACEIs are better than ARBs. Third, we only excluded patients with more than 12 dialysis sessions within 180 days prior to the index date, which may still leave patients with renal impairment in our sample. However, our sensitivity analysis showed that the results stayed similar with the main analysis even we excluded patients with at least one dialysis session (HR for the primary composite outcomes: 1. 31 19 ). In addition, we controlled the baseline renal diseases in our analysis, which should also help to reduce the bias. Finally, the sample size for the elderly could have been too small to detect differences in some clinical outcomes, such as the renal transplant event. Future studies with greater samples are warranted.
Conclusion
Our findings support that ACEIs are relatively renoprotective and safe treatments as compared with ARBs in diabetic patients with proteinuria. Among the commonly used ACEI drugs, enalapril was a superior treatment option than captopril in preventing kidney failure and reducing the risk of mortality. On the other hand, irbesartan appeared to be less renoprotective than valsartan. In older diabetic patients with proteinuria, ACEIs were also a better choice compared to ARBs. Captopril showed a higher risk of ESRD and renal transplantation than enalapril, and all the selected ARBs (irbesartan, losartan, and valsartan) performed similarly in the elderly population. Although the analysis of hyperkalemia showed no significant differences among individual ACEI and ARB agents, physicians should still pay attention to the potential hyperkalemia effect when using these drugs.
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